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The  intestigatlon  described  in  this  report  was 
tarried  out  for  the  purpose  of  extending  the  infomaatlon 
CP  the  perforaiaiiO©  of  3'*i  fiat^nosed  ©onoblooh  projectiles 


tor  this  inTestigotioa  3-lttoh  X5*Xbi4  flat- 
hosed  biOiiohXoeIc  projectiles  Manufactured  by  Frankford 
Arsenal  were  tested  against  homogeneous  pXste  under  widely 
'varied  conditions*  The  limits  obtained  were  compared  with 
limits  under  himiXar  conditions  for  3-inoh  l^-Xb*  M79  mono- 
hlQok  projeotiles  also  manufactured  by  Prankford  Arsenal# 


f" 


The  limit  velocities  for  3*^lnch  flat-nosed 
projeotiles  against  homogeneous^  plate  were  in  general  much 
lower  than  thosh  reijulrea  for  3’^inoh  M79  projectiles 
hnder  the  same  condltloxis*  The  lower  limits  observed 
for  flat*diosed  projectiles  result  from  the  punching  type 
of  plate  failure  which  occurs*  In  this  type  of  failure 
a  smaller  volume  of  metal  Is  worked  than  In  the  usual 
type  of  penetration  and  the  energy  required  for  penetra¬ 
tion  Is  therefore  lower# 


At  e/d  (ratio  of  plate  thickness  to  projectile 
diameter)  Of  0*^0  the  limit  velocities  for  flat-^nosed  and 
m79  projeotiles  are  about  equal  at  normal  obliquity |  hht 
at  45*  the  fiat-nose  limit  is  less  than  67#  of  the  m79 
limit#  This  smirked  advantage  of  flat-nosSd  projectiles 
oyer  the  1479  in  the  attack  of  thin  armor  at  high  obli- 
cuity  has  also  been  noted  in  earlier  observations* 

WO  Report  R6*  7-43  dated  19  April,  1943*) 


At  e/d  of  0*49  l^lb.  flat-nosed  projectiles 
penetrated  at  0^,  30^>  45^  and  60*  with  limit  veloolties 
Of  62#  to  73#  of  the  1479  limits*  M79  projectiles  were 
unable  to  penetrate  at  45®  and  6o^  obliquity  without 
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breaking  up,  whereas  the  Tlat -nosed  projectiles  pene«T 

trated  In, a  whole  though  somewhat  deformed  condition* 

\  •> 

At  e/d  of  0«67  flat-nosed  projectiles  were 
found  to  have  limits  lower  than  the  M79  projectiles  up 
tq  40*^  obliquity  where  they  were  about  equal*  At  normal 
obliquity  the  flat-nose  limit  was  62^  of  the  M79  limit* 

At  20®  and  30®  the  flat-nose  limit  was  869£  and  935^ 
respectively  of  the  M79  limits. 

At  e/d  of  0*60  the  limit  for  flat-nosed  pro¬ 
jectiles  was  B6%  of  the  M79  limit  at  normal  obliquity. 

The  flat-^noBsd  projectiles  were,  however j  badly  deformed 
and  testh  were  not  extended  to  higher  obliqultlesf 

yiat-nosed  projectiles  failed  to  penetrate  and 
were  shattered  at  103%  of  the  1179  limit  for  e/d  of  1,1 
at  normal  obliquity, 

A  oomparative  test  of  M79  and  f lat***nosed  pro¬ 
jectiles  was  carried  out  against  a  divided  armor  structure 
eonsisting  of  3/6** ^  155  and  1/4**  STS  spaced  2- feet  apart 
at  30®  obliquity.  The  limit  for  the  flat-nosed  projec¬ 
tiles  was  78%  of  the  M79  limit* 

.  Prom  the  results  summarized  here  it  is  apparent 

that  the  flat-nosed  principle  can  result  in  penetrations 
ot  homogeneous  plate  at  velocities  much  Ibwer  than  those 
ref hired  for  monoblook  M79  projectiles.  The  advantage 
is  particularly  striking  in  the  attack  of  homogeneous 
armor  at  e/d  values  of  0,5  or  less  at  high  obliquity, 
where  the  limit  velocity  may  be  less  than  one-half  that 
required  for  other  projectiles  ,  Por  some  test  oonditlos 
(e/d  of  0*5  at  high  obliquity]  flat-nosed  projectiles 
penetrate  in  a  whole  condition  while  M79  projectiles  are 
broken  up*  At  normal  obliquity  for  e/d  values  approaching 
1*0  flat-nosed  projectiles  shatter  and  fail  to  penetrate* 

Plat-nosed  projectiles  fitted  with  caps  were  un- 
sucoessful  in  that  plate  failure  by  punching  was  not  pro¬ 
duced  and  therefore  low  limits  were  not  obtained. 

RecoiSDendatlons  are  included  in  the  report  for 
tests  of  flat-nosed  AF  bombs  and  for  common  projectiles 
up  to  S^'inoh  for  the  attack  of  lightly  armored  targets 
(e/d  of  0.5  and  bslcw)# 
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I  PRODUCTION « 

Preliminary  tests  of  3”  flat^nosed  projectiles 
at  the  Naval  Proving  Ground  against  homogeneous  plate 
were  carried  out  in  early  1943*  The  results  of  those 
tests  reported  in  reference  (1)  indicated  that  under 
certain  conditions  *  flat-nosed  projectiles  were  able 
to  penetrate  homogeneous  plate  at  considerably  lower 
velocities  than  were  recuired  for  pointed  projectiles. 

At  e/d  values  of  0,5  or  less  the  advantage  of  flat-  ■ 
nosed  projectiles  was  particularly  pronounced  -  the 
limit  velocity  was  less  than  one-half  the  value  ob-  ' 
tained  with  M79  projectiles*  At  e/d  of  0,67  end  0® 
obliquity  flat-nosed  projectiles  shattered  and  failed  to 
penetrate*  It  was  considered  that  flat-nosed  projectiles 
of  higher  quality  could  be  obtained  and  additional  flat¬ 
nosed  projectiles  were  accordingly  obtained  from  Prank- 
ford  Arsenal,  The  results  of  the  test  of  these  projec- 
til«s  are  discussed  ip  this  report. 

II  M/.TEPIAL  AND  METHODS, 

Plate:  0V6  STS  Carnegie-Illinois  Plat©  No, 

125^87  (Tensile  Strength  123,000  psi.) 

K5  STS  Carnegle-Illinois  Plate 
40500  (Tensile  Strength  ^  122,000  psl,) 

STS  Carnegle-Illinois  Plat©  No, 
40915  (Tensile  Strength-127,000  psi,) 

250  STS  Carnegie-IllinoiS  No,  XI8305 
(Tensile  Strength-127,000  psl^) 

2V0  STS  Carnegie-IllinoiS  No*  F-1790 
(Tensile  Strength-116,000  psi,) 

2S4  STS  Carnegie-rlllinois  No,  29533 
(Tensile  Strength  -  127,000  psl.) 

ViO  Class  B  Carnegle-Illinois  No,  85187 
(Tensile  Strength  -120, OOQ  psi,) 

3,2  Class  B  Carnegie-IllinoiS  No,X9021 
^Tensile  Strength-124,000  psi.) 
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Projec-  3”  M79  AP  projectiles  (15.0-11)-) 
tiles:  manufactured  by  Frankford  Arsenal* 

3”  Flat-Nosed  projectiles  (iS-jO-lb*) 
manufactured  by  Frankford  Arsenal, 

The  following  different  types  were 
provided  (the  cap  weights  are  ex¬ 
pressed  in  per  cent  of  total  pro¬ 
ject  ile  weight See  rig,l. 

(a)  No  cap, 

(bj  5^  welded  flat  capr 
(cj  15^  welded  flat  cap.^ 

(d)  5%  grooved  cap^ 

(ft)  15^  grooved  oap^ 

All  of  the  above  projeotileSj  both  M79  Qhd 
flat-nosed*  were  manufactured  from  WD/fl5C  steel  and  were 
heat,  treated  to  a  unifom  hardness  of  55*60  Rq  except 
for  a  base  draw  to  about  4O  Hq.  This  is  the  standard 
hahdness  distribution  for  the  M79  projectile  and  is 
believed  to  be  the  best  one  for  flat-nosed  projectiles. 

The  tast  conditions  are  summarized  below; 

0V6  STS  at  0°  and  45“  obliquity. 

1V5  STS  at  0%  30°,  45®  and  obliquity, 

2V0  STS  at  0^=,  20°,  30°  and  40*=^'  obliquity, 

2V4  STS  at  0°  obliquity, 

3V»0  Class  B  at  0°  obliquity. 

Divided  structure,  3/S”>  1*5  and  1/4^*  STS^ 
plates  spaced  2  feet  apart  at  30®  obliquity. 

Method 

All  limits  reported  herein  are  expressed  in 
terms  nf  Fte/d,©)  values,  where  F(e/d,9)  is  defined 
as  ^follows: 

F(e/d,9)-  MiS?  H^'^V^oosS 

- 175 -  ^ 

e  d 

M  is  the  projectile  mass  in  pounds,  is  the  limit 
velocity  in  feet  per  second^*  the  minimum  velocity  re-?- 
quired  for  a  projectile  to  pass  completely  through  the 
plate),  £,  the  obliquity,  is  the  angle  between  the  nor¬ 
mal  to  the  plate  and  the  line  of  flight,  e  is  the  plate 
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thickness  at  the  point  of  impact  in  inches,  and  d  is 
the  projectile  diameter  in  inches*  All  of  the  a'Hove 
quantities  are  measured  directly  except  W,  the  limit 
velocity,  and  its  measurement  is  desoribea  in  the 
following* 

Limit  velocities  for  each  test  condition  were 
determined  using  a  rout  ne  procedure  developed  at  the 
Naval  Proving  Ground  for  3-inch  tests  (references  (1) 
end  (2))*  With  this  method  the  first  round  was  fired 
at  a  velocity  slightly  in  excess  of  the  estimated  limit* 
From  the  striking  and  residual  velocities  the  limit 
was  then  calculated  and  one  or  more  rounds  fired  at  that 
limit  for  confirmation.  For  most  of  the  subject  test 
conditions  both  complete  and  incomplete  penetrations 
were  obtained  to  give  a  bracket  of  the  limit;  Using 
the  limit  velocity  so  obtained  a  limit  F(e/d,9)  value 
was  calculated  for  the  particular  test  condition* 

V^hen  a  bracket  was  not  obtained  an  F(e/d,9)  value  was 
calculated  using  either  the.  lowest  velocity  giving  a 
complete  penetration  or  the  highest  velocity  giving  ani. 
incomplete  penetration.  This  value  was  marked  with  the 
appropriate  sign  to  indicate  that  the  true  limit  had 
some  higher  or  Icwer  value. 

The  calculated  F(e/d.^)  values  are  compared 
with  the  standard  Navy F( e/d,©)  -  values  given  by  the 
1931  empirical  formula,  (Buord  Sk,  78841) i 

F(0/a,e)  »  6(e/d  -o.45)(e^  ♦  2000)  +  40,000  (a) 

where  e/d  is  the  ratio  of  plate  thickness  to  projectile 
diameter,  both  in  the  same  units,  and  S  is  the  obliquity 
in  degrees.  The  calculated  values  of  F(e/d,©)  in  the 
present  report  are  expressed  as  percentages  of  these  em¬ 
pirical  F'e/d,©)  values. 

Ill  RESULTS. 

•  The  results,  which  are  given  in  detail  in  the 
AppendiXf  are  summarized  below, 

S'H^OLS 

Projectile  Condition 


,  ,  .  .  .  .  ,  Projectile  undeformed 

D .  Projectile  deformed  bpt  not  broken 

NO  .  ,  .  .  ,  .  Projectile  nose  chipped, 

X  ..•••,  Projectile  shattered, 
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TABLB  I 

SDMMARY  OF  BALLISTIC  DATA 


Plate 

Vl  , 

%  Sk, 

e/d 

Gause 

Projectile  F(e/d»e) 

O'*  ObliQUity 

ft  * /sec . 

1 

I 

78841 

0.20 

oy6 

M79 

34,300+200 

494 

93 

FI at -Nose 

35,000+200 

504 

94 

(No  cap) 

0.49 

1V5 

M79 

46,.500±^00 

1050 

115 

Flat-Nose 

28,500+200 

644 

71 

(No  cap 

0.67 

2’;o 

M79 

46,100±400 

1210 

108 

Flat-Nose 

28,6  00+500 

748 

67 

(No  cap) 

0.80 

2V4 

M79 

47,9oo±aoo 

1378 

108 

FI at -Nose 

4Ir000±1000 

1190 

93 

(No  cap) 

1.1 

3V2 

M79 

48,100+300 

1598 

103 

Flat -Nos© 

>49,300 

>1642 

>104 

(No  cap) 

Flat-Nose 

>41,500 

>1396 

>88 

(15%  welded 

f 

« 

cap) 

FI at -Nose 

>42,200 

>1392 

>89 

(15%  slotted 

1 

0.67  2V0 


20°  Obliquity- 

M79  nr^oootjoo 

Plat-Nose  37,800±500 

(No  cap) 

Flat-Nose  ^38,900^ 
welded  , 

cap 

Plat-Nose  >38,900- 
(15%  slotted 
nose 


iy5 


M79 

Flat-Nose 
(No  cap) 
Flet-Nose 
(5%  welded 
cap) 

Plat -Nose 
(5%  slotted 
cap) 


30°  Obliquity 
^  41,200±300 
30,100±300 

>33,700 

>33,900 


1229 

1056 

>1085 

>1077 

1082 
791 

>866 
>872 


102 

88 

>90 

>90 

101 

74 

>83 

>83 


Proj, 

Cond, 


E 

D 


D 

E 

D 

E 

D 

E 

X 

X 

X 


E 

D 

D 

D 

E 

D 

NC 

NC 
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^0*  Obliaulty  (coat’d.) 


Plats  ^  ^  sk.  ProJ, 

£4§  Oswgs  ProJestlle  P(e/d>0)  rt./eeo.  78641  coad. 


6.67 


0.67 


270 


270 


Flat -Hose 
(X5^  welded 

>35,000 

>902 

>86 

cap) 

Flat-Nose 
{15%  slotted 

>33,600 

)^866 

>83 

NC 

oap) 

1276 

96 

M79 

42,100±200 

B 

Flat -Nose 
(No  cap) 

39,200t2OO 

1168 

90 

D 

ik2! 

»  Obliaoity 

M79 

47,4004800 

1625 

106 

D 

Flat^Ndse 

48,0004500 

1645 

108 

D 

No  sap) 


4?*. 


0.20 

076 

M79  , 
Flat-^Node 
(No  cap) 

35,0004300 

>23,600 

712 

>480 

94 

>69 

F 

B 

0.'5 

175 

M79  - 

Flat^Nos© 
(No  cap) 

>45,500 

32,6004200 

60*  Obllculty 

>1464 

1049 

>110 

79 

X 

D 

0.20 

096 

M79 

34i 700+300 

999 

110 

F 

0.5 

175. 

M79 

Flat -Nose 
(No  cap) 

\ 

>50*000 

31,000±500 

1 

Deck  Struotiore 

>2274/ 

1411 

>120 

75 

X 

B 

3/8*»,  iy5  and  1/4'*  STS  plates  spaced  2 
the  order  nai&ed  at  obliquity. 

feet  apart  in 

.70 

2.10 

M79‘ 

Flat -Nose 
(No  oap) 

36.400 

28.400 

1130 

880 

82 

64 

F 

B 

5“ 


TABLE  XE 

AiBi(|SSRiik«SB 

SBMMABT  OF  RESPLTS  RETORTED  IN  REBEBEMOS  (1) 


Plate 

ggugg 

Projectile 

?( e/d.e) 

ft. /sec. 

tot 

Proj. 

Cond. 

0J73 

SI 

Obllauitv 

0*24 

M79 

3^,1001200 

589 

99  ^ 

K 

1S36 

11-lb.Flat- 

nose 

35,8001400 

663 

91 

-  0 

0.45 

M79 

48,0001400 

996 

115 

E 

ll-lb.Flet- 

Nose 

30,5001300 

771 

76 

0 

15-lb*Plat* 

Nose 

26,6001300 

576 

67 

0 

1!36 

30< 

’  Qbliauitr 

0.45 

M79 

40*9OG±3OO 

1023 

102 

E 

\ 

11-lb.Flat* 

Nose 

31,,000±300 

905 

78 

0 

' 

60* 

^  Oblioulty 

. 

i 

0.24 

0^73 

M79  • 

43^6001400 

1384 

133 

E 

i 

il-ib^piat- 

20,3001300 

644 

62 

0 

Nose  » 


MkSJU. 

Sunaary  of  Results  of  All  Teats  of  3"  Plat--Nosed 
Projectiles  carried  out  at  the  Naval  Proving  Oround* 
The  values  given  are  ratios  of  ^-coefficients  of 
Flat-Nosed  Projectiles  to  F-ooeffioienta  for  S479 
Projectiles  under  the  same  test  conditions* 


sM 

20» 

m 

40* 

45* 

0.20 

1.02 

mm 

✓  0.67- 

mm 

o«a4 

(0.97) 

— 

.. 

(0.47) 

0.45 

0*58 

vwp 

mm 

•mtw 

mm 

0.45 

(0.66) 

'  mm 

(0.76) 

mm 

mm 

0.49 

0.62 

tm  9 

0.73 

0.72 

0.62 

0.67 

0.62 

0,86 

0.93 

1.01 

mm 

** 

0.80 

0^86 

mm 

mm 

•• 

1.10 

1*03 

mm 

» 

mm 

(  ]  The  values  in  parentheses  are  for  ll-'lb.  flat* 

nosed  projectiles  (reference  (I)}*  All  Other 
values  were  obtained  with  15-lb.  flat  nosed 
projectiles. 
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An  Inspection  of  the  results  reveals  imjaediately 
that  flat-nosed  projectiles  are  ablis  to  penetrate  lioJttO- 
geneous  plate  over  a  rather  wide  range  of  e/d  and  obli¬ 
quity  at  velocities  considerably  lower  than  are  required 
by  3”  M79  projectiles.  Flat-nosed  projectiles  oocipletely 
penetrate;  a  plate  under  some  conditions  which  result  in 
shatter  of  3»’  M79  projectiles.  The  results  are  discussed 
in  detail  in  the  following.  The  tern  nimit”  will  mean 
the  limit  F(e/djO*  yalue  unless  specifically  stated  other¬ 
wise. 

,  At  e/d  of  0,20  l5-lbe  flat-nosed  projectiles 
and  M79  projectiles  have  tbout  the  same  limits  at  nor¬ 
mal  obliquity,  As  ,the  obliquity  is  increased  to  45®  the 
limit  for  the  flat-nosed  projectile  becomes  .less  than  6?^ 
(probably  about  65J&)  of  the  H79  limit.  As  reported  in 
reference  ll)  ll-lb.  flat-nosed  projectiles  at  a  similar 
e/d  value  (0«24)  were  found  to  have  about  the  same  limit 
as  lil79  projectiles  at  normal  obliquity  but  at  60®  obli¬ 
quity  the  flat-nosed  projectile  had  a  limit  of  47^. of  the 
M79  limit.  The  difference  in  appearance  of  impacts  of  M79 
and  flat -nosed  projeotilea  at  high  obli.'uity  on  thin  plate 
is  striJc  ng*  The  flat-noaed  projectile  outs  a  dlsJs:  out  of 
plate  with  very  little  dishing  whereas  the  M79  dishes  a 
considerable  area  around  the  impact.  The  much  larger 
plastically  deformed  zone  in  the' case  of  the  M79  probably 
aecovints  for  most  of  the  increased  energy  recuired  for 
penetration  at  high  oblloulty.  for  typical  Impacts  see 
Figures  2,  3f  4  and  5* 

At  e/d  of  0/45  -  0.49.  15^ib.  flat-nosed  pro¬ 
jectiles  were  found  to  have  limits  from  753&  to  lees  than 
oZft  of  M79  limits  under  the  same  test  conditions.  For 
e/d  of  0,49  at  45’  and  60®  obliquity  M79  projectiles  are 
shattered  whereas  15-lb, i flat-nosed  projectiles  penetrate 
in  a  whole  condition,  ll-lb.  flat-nosed  projectiles  gave 
ccaaparable  performance  to  that  of  the  15-Ib.  flat-nosed 
projectiles  at  0®  and  30®  but  had  limits  about  4^  higher 
(reference  (a))#  impacts  by  flat-nosed  projectiles  re¬ 
sulted  in,  failure  by  ♦•punching”  characterized  by  the 
throwing  of  plugs  from  the  plate.  For  view  of  plates, 
projectiles  and  punohings  see  Figures  6,  7,  8  and  9* 

At  e/d  of  0.67  15-lb.  flat-nosed  projectiles 
had  limits  increasing  from  62^  of  the  M79  limit  at  normal 
obliquity  to'  lOOSS  at  40®  obliquity.  At  40®  both  flat- 
nosed  and  M79  projectiles  were  brolcen.  For  views  of  plate^ 

-7-  ■ 


projectiles  punohings  see  Fieures  10,  11,  12  end  13 ♦ 

At  e/d  of  0*80  15*lb*  flet-nosed  projectiles 
had  a  limit  of  86^  of  the  M79  lli&it  at  normal  obliquity* 
Since  the  deformations  of  the  flat-nosed  projectiles  were 
large  on  this  test,  it  was  apparent  that  tho  subject  pro¬ 
jectiles  would  not  stand  up  to  more  severe  tests*  See 
Figures  lUf  15  u'd  16  for  views  of  plate  projectiles* 

At  e/d  of  IVO  end  nor^,iial  obliquity  15-lb*  flat¬ 
nosed  projectiles  were  shatterr.d  with  nf,gligibie  pene-  ^ 
tration  up  to  velocities  3^  above  the  M79  limit*  See 
Figures  20  and  21  for  views  of  projectiles  and  plate* 

From  the  preceding  discussion  it  is  apparent 
that  the  flat-nosed  projectiles  used  in  the  present  investi¬ 
gation  were  of  considerably  higher  quality  than  those  of 
reference  {!).  In  those  tests  flat-nosed  projectiles  did 
not  successfully  penetrate  2*»  STS  (e/d  of  0*67)  at  0® 
obliquity.  On  th©  other  hand  the  present  projectiles 
penetrated  at  e/d  of  0*67  up  to  40*  and  e/d  of  0*80  at  0* 
obliquity*  In  view  of  the  performance  of  the  subject  pro^ 
jeotlle  it  does  not  appear  that  successful  penetrations 
at  e/d  of  1*0  can  be  achieved  for  iprojeotlle  having  a 
full  caliber  flat-nose  unless  perhaps  an  overweight  pro* 
jectlle  is  used« 

Against  the  divided  pltte  structure  (3/8*',  IVS 
and  1/4*’  STS  spaced  2  feet  apart  at  30*  obliquity)  the  lff79 
projectile  penetrated  the  }/8**  plate  and  stuck  in  the  i;f5 
plate  at  a  velocity  of  1105  ft •/see.  The  flat-nosed  pro¬ 
jectile  penetrated  the  entire  structure  at  940  ft ./sec* 
and  had  a  residual  velocity  of  234  ft •/sec.  Prom  the 
residual  velocity  and  the  striking  velocity  the  limit 
velocity  of  the  structure  for  flat-nosed  projectiles  was 
calculated  to  be  880  f*s*  using  the  equation  developed  In 
Appendix  E*  The  limit  velocity  of  the  structure  for  the 
U79  projectile  was  estimated  at  II30  ft. /sec.  Thus  for 
this  structure  flat-nosed  projectiles  have  a  limit  veloci¬ 
ty  of  about  75^  of  that  found  for  the  M79  projectile. 

limit  penetration  coefficients  for  various  3*lnoh 
capped  projectiles  age  ns t  homogeneous  plate  were  reported 
in  reference  (3)*  The  comparison  of  those  limit  values 
with  values  obtained  for  flat-nosed  projectiles  under 
similar  test  conditions  gives  the  flat-nosed  projectile 
a  marked  superiority  provided  that  e/d  Is  not  above  0.67. 

For  example  in  reference  (3)  2**  STS  (e/d  of  0,6.7)  at  0* 
and  30*,  and  0.73  STS  (e/d  of  0,24)  at  60^^  obliquity 
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ageinst  3**  M6X  o^pped  ^  proJeotlXes  gave  F(a/d|0)  valaee 
of  1X4^  and  86%  raapectiveXy  of  the  vaXues  for  3** 

1179  projectiles  under  the  seme  test  conditions.  Referring 
to  Table  III  of  thlri  report  flat-nosed  projectiles  under 
aiitllar  teat  conditions  gave  F(e/d,0)  values  62%,  93% 
and  47%  of  the  M79  values,  (The  3*»  Mol  capped  AP  projectile 
is  a  15*lb  projectile  with  a  cap  weighing  15%  of  the  total 
projectile  weight 

Flat^nosed  projectiles  fitted  with  caps  of 
various  types  did  not  succeed  in  ooz^pletely  penetrating 
homogeneous  plate  at  velocities  comparable  with  those  re- 
guired  for  plain. flat -nosed  projectiles.  The  caps  in 
general  prevented  the  punching  a oti on  oharacterlstio  of 
flat-nosed  pro|$otiles»  A  type  of  punching  ocodrred  with 
the  projectiles i having  grooved  caps.  On  impact  part  of 
the  nose  was  chipped  off  to  the  slot  which  produced «  in 
affect,  a  flat-nipsed  projectile  having  a  reduced  diameter 
on  the  nose*  This  projectile  had  no  advantages  over  the 
plain  flat-nose  and  lost  in  efficiency  of  penetration  be¬ 
cause  of  the  smaller  flat  area  on  the  nose.  The  results 
pf  testing  of  the  several  capped  projectile  types  showed 
clearly  that  to ^pap  a  flat-nosed  projectile  is  to  destroy 
its  ability  to  produce  a  plug-type  of  plate  failure, 

1^  l-inch  15-lb^  flat-nosed  projectiles  pene¬ 
trate  hcmogenedds  plate  at  raaarkpbly  lower  velocities 
than  do  3*^ihoh  |||^9  or  3- inph  capped  ifel  AP  projectiles 
over  a  wide  range  df  test  conditions  which  Included  a 
divided  armor  test* 

Caps  On  flatTnosed  projectiles  destroy  the 
punching  action  end  therefore  nullify  the  advantages  of 
flat-nosed  projectiles* 


VI  RECO^yPATIONS* 

It  is  recommended  that  the  Bureau  of  Ordnance 
initiate  a  program  at  full  scale  for  the  development 
flat-nosed  AP  bombs.  It  is  further  recommended  that 
flat-nosed  common  projectiles  from  3*inch  to  5-inoh  scale 
be  pbtaix^d  since  such  projeotil.es  may  be  considerably 
more  efficient  than  current  projectiles  in  the  attack  of 
lightly  armored  vessels#  1 


1«  Penetration  of  Homogeneous  Armor  3*^Qb 
flat^aoeed  projectiles •  TJ.  S.  Naval  Proving  Ground 
^Report  No.  7-43  dated  19  April,  1943. 

Z*  Penetration  of  Homogeneous  Plate  of  one 
T^slle  Strength  (110,000  pel.)  vs.  3”  M7f  ^ 
projectiles  »  Partial  Report.  U.  S.  Navel  Proving  Ground 
Report  No.  G*44  dated  IS  Aprilf  •i>944  > 

3,  Slffeot  of  Cap  Oesigi'  on' 3 -ineh  projectile 
Performahee  ••  Partial  Report,  tl.  Nsval  Proving  Ground 
Report  No/ 16-43  deted  14  l)oo0i!ibe%  1943* 


Pane. 


,,.*i  Plate  thickness  at  Impact  in  Inches. 

.....  ObXihu^by.  Angle  between  trajectory  and 
*  normal  to  plate  fit  point  of  impact* 

.....  Projfictile  mass  in  pounds. 

Striltlng  veloqity  in  feet  per  second.  ' 

»)  ...  Stri^cing  velocity  in  percentage  of  limit 
value  calculated  from  Navy  I93I  empirical 
formula  using  Buprd  Sk,  78641.  \ 

I  •••»  Oepth  of  penetration  in  inches  measured  from 

front  Surface  normal  to  the  plane  of  the  plate. 

. ....  Reelduel  velocity  after  penetration  of  the  plate. 
1,9)*.  Thompson  F-ooeffioieat  defined,  by  the  relation. 

F(./4,e)  .  ^i-57MV2vi  coa  e 


e  d 


where  is  the' limit  velocity  (minimum  velocity  for  com¬ 
plete  penetration. 


/Id 

NO . 


Increase  In  diameter  in  inches  of  the  forward 
bourreXet  of  the  projectile  as  a  result  of  the 
impact. 

Nose  offset.  For  M79  projectiles  the  distance 
in  inches  the  nos©  Is  displaced  from  the  longi¬ 


tudinal  axis  of  the  projectile*  For  flat¬ 
nosed  projectiles  the  maximum  displacement  of 
one  side  of  ‘th^^lat-nose  with  respect  to  the 


other  along  the  longitudinal  axis  of  the  pro¬ 
jectile. 

-10- 


31  «*«•••»  Project ii©  uMttomed* 

S  *•.*«.*  iProJeotUe  detormed  but  not  broken, 

3 . .  proJeotilQ  broken  into  two  or  three  pieces* 

©(2)  ••••  ^3?ofcen  on  secondary  impact  agaiaat 

butt  structure • 

X  .  Projectile  shattered. 
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APPEMDIX  A  BALLISTIC  DATt 
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TX  A.  BALLISTIC  DATA  (COKTIfi) 


Projectile  Ccmd 


ftPPTiUDIX  B  BALLISTIC  DATA.^ 


API> 

In^ct 


SIS  _Ca 


ntrn— Ili.  Ho.  40915  (Same  heat  aa  40S00) 


e 

In. 


2159 

2160 
2161 


2208 

2206 

2207 


1654 


1655 


1656 


1647 

1648 


S 


m 

JMt 


g.  \ 

’t^Obllottlfcr 


f  *s 


Inc. 1-1/2"  - 
Inc  .1" 
Partial 


12500  45no»  14,95  1339  100 

*12503  45®20*  14.95  1408  105 

15500  45®05*  14.95  1473  HO 

F  =  45,^  ( 

QbligUifiC 

15^1  55®00*  15.00  IW  118  CF  ^ 

15494  54«>«’  14.95  2016  123  Partial 

1549?  55*01  15^C^  2215 

F  =  ABottt  50t000  <1^  ?) 


g!;0  STS_Garn.">Ill»  IJo..  X183Q5 


25006  0*10^  15#00 

F  =  46,lpO±4(X> 


25005  21®G0»  15#00 

F  ;  ®  4wij 


OP 


2V004  31»00. 

2S004  39*^0'  15.05  1539**^^ ‘IW 
29004  39*50»  15.00  im  HW  lac, 1975 
29003  39"50»  15*05  X652^1^_  CP 
F  =  47,400±800  (106#) 

■ 


Projectile  Cond. 

A  jtin.V  Soan.3 


Brok^ 

Broken 

Kose  shattered 


Shattered 

Shattered 

Shattered 


359 

0.000 

0*00 

B 

154 

0.000 

0.00 

B 

87 

0.005 

t,. 

0.06 

D 

0.<»9 

0.50 

D 

B(2) 

783 

0.016 

0.18 

V 

>4XX  tduir 


LTSTIC  DAT. 


2034 


0 

in 


9 


m 

lbs 

pkaXll_N0t 


^s_  Js 


'  Proj^ 
0on4^ 


Pane A  f »8 

866  83  3A«  -  Nose  oMpped 


8060  1?480  30“00V 

20^1  ■  1«475  30*00*  872  83  a"  -  Noae  Chipped. 

X5yl^^;;#ljat-l!toeef  ProJeotUa  (15<: Welded' Cap) 

2038  4,9474  29^^»i-;  ;  i  902  86  3/4"  Nose  shipped. 

-  i5-i»i>|MateNpged  Prolealille  (15^  arooaad.aMt) ' 

2039  1947823*10'  866  83  3/4"  *  Nose  chipped 

Ill.  MOi,  118305  at  20*  OfallgdUy 


2033  2900920*10' 

'20»00*^.V 


29009 


X0S5  90  3/4”  -  Body  Bent t 

^Noaed  ProJact ile  ^  159S  Grofi  ) 

1077  90  l'-'3/8”  -  Nos©  chipped* 


^120 


0*20* 


1396  88  3/^" 
■Nosed  3hfaleotlle 


Shattered. 
aroovad  Cap) 


2031  3920  1*10* 


1392  89  1" 


Shattered. 


.18, 


0 
m'  n 


ti 

■.w 


OF  EESIim.  V^XOCITIES 
[IT  imtIHiE  S^t3DTU^S» 


■  Itt  dt|^3?ainiag  tE©  efficiency  of  a  pro jeso til© 

it  la  usually  of  pHm  lioppytanc©  toicnoi»  now  It  will 
oeijote  agaliist  dlfliad  stf^ot^ras#  The  protlom  la  com- 
plloatoi  ty  of  successive  plates  In  reeving 

wlnjIsJUlelds  end  caM  and:  by  introducing  yaijii  in  the  pro^ 
iectlla  fligfit*  tna  fdllowlns  developiBent  ignores  these 
feetofs  and  oonslderetion  Is  given  only  to  a  projectile 
which  Eanetretes  th^  stricture  in  an  unyawed  and  undaiBoged 
oondltloni 


Consider  the  iiipaot  of  a  projeotiXe  having 
jveioclty  Vg  against  a  sn^tlple  structure  consisting  of 
II  jgjlatei  so  spaced  that  the  projectile  cooipietely  clears 
rone^l^lpe  before  strllclnf  •  tihe  next  one.  I4t  the  limit 
yelodltlts  for  the  successive  plates  be  designated  by 

and  the  residual  yeloo  it  lea 
if  pnetratlng  each  plStayby  Fri,  7r2> 
it  ;has:>b.e.0h'#st:abllshed  ■'for':iaajOr  oelib^\,pro.je( 
that  the  relation  between  yg  'Si  end  7r  for:  the  attack  of 

is  of  the  following  forii# 


(3) 


where  s  Is  Indapendeht  of  velocity  for  a  i^ven  test  eon*^ 
ditlou  but  dspehds  on  e/dV  obliquity  and  i^o|eotil©  nose 
Shape.  Values  of  3  are  known  for  a  great  mshF  test  con- 
ditiCttS^  and  usually  it  has  a  value  ayproaohing  unity. 
IQho^ing  the  limit  velooitleS  and  values  Of  0  for  each 
Plate  the  residual  velocity  after  pane t ration  of  any  set 
cf  plates  OBh  be ! calculated  The  limit  velocity  for  the 
set  of  plates  can  be  calculated  by  setting  the  final  reel-* 
dual  velooity  eqUalv^t^^  zero  and  solving  for  Yg,  the  striking 
lalOoity  sat IsfylKig,  that  condition* 
for  the  fir ft  plate: 


^Rl  “ 


2  -  Vuh 


YrI  becpittes  the  striking  valooity  for  the  second 
and 


extending  to  a  series  of  plates 


l/y 


.  ..4'' 

•  ''ill 


■  S3(Vr2?  -  Vl32) 

=  %^^R(K-1)*  ”  >  ('►J 

since,  usually  we  are  interested  only  in  the  final  resi¬ 
dual  velocity  we  can  eliminate  the  intermediate  residual 
velocities  by  substitution*  Making  the  substitutions  and 
.rearranging  w©  get 

Vb2^  -  SiS2(Vs*  -  Vu^  )  -  S2VL2® 

VR3*  »  3iS2S3<Vgfi-  Vli^)  -S2S3Vi.2^  ’  S3VL32 
VrS?  “  Si  ...  Sjj(Vs^-  Vjji®)  -  $2  *311^2  ^ 

,  -S3  •.SHV13*  . . ShYis*  (5) 

The  limit  velocity  of  a  structure  consisting  of  U 
plates  is  the  value  of  Vg  for  which  Vjjm  is  equal  to  zero* 
Therefore  setting  Vpjj  equal  to  zero  and  solving  for  Vg 
we  get  the  limit  velocity,  V-r ,,  for  the  structure  in  terms 
of  the  limit  velocities  and  values  of  S  for  each  member* 

y  •  * 

vi,a  -  Vi,i2  *  *  ....vin^ 

Si  k;^'S2  S1S2S3  t.*Sjj^l  (6) 

Rearrenglng  equation  (5)  and  using  e  uation  (6)  an  expres¬ 
sion  is  obtalhed  which  permits  the  calculation  of  the 
limit  of  a  structure  through  the  measurement  of  the 
striking  and  residual  velocities. 


(7) 


To  use  expression  (7)  it  is  noted  that  values  of  the  oon- 
stents  St  •»,*,%  are  necessary.  Let  us  apply  equation 
(7J  to  the  divided  armor  structure  of  the  subject  report 


the  result  so  obtained  with  the  result  oalou- 
leted  from  eruatlon  (6).  The  following  tables  gives-  the 
values  of  constants  and  aeasured  limits  of  individual 
(Limits  are  not  eveilable  for  plete  of  1/4 ♦♦  and 
3/8f  eaugs  against  flat-nosed  projectiles.  The  slope 
values  in  parentheses  are  estiijates). 


3/8" 


M79  1.0 

!l.et  Hose  ( .9) 


1»5 

f2 

1.0  1070 


1/4" 

1,0  250 

(.95)  — 


Frcm  the  results  for  flat-nosed  projectiles 
against  the  divided  structure  wo  have  for  a  striking 
velocity  of  940  f.s.,  a  residual  velocity  of  234  f.s, 

©("ustion  (7)»  the  limit  velocity  comes  out  to 
he  861  f.s. 

The  limit  velocity  for  the  divided  armor 
structure  agalhBt  the  M79  was  found  experimontelly  to  be 
1130  feSg  By  s^stltution.  of  values  from  th©  above  table 
for  M79  projectiles  in  equation  (6)  one  gets  II43  f.s. 
which  is  in  agreement  with  the  experimental  result* 
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